A 'complete' sample of 174 M giants classified by Blanco (1986) and later than subtype M0 in the NGC 6522 Baade's Window clear field has been investigated to establish some general properties of cool Bulge stars. Photometric information has been obtained from the MACHO database to search for variablility and, where possible, to determine periods. Near-and mid-IR magnitudes have been extracted from DENIS and ISOGAL.
INTRODUCTION
The Baade's Window fields in the inner Bulge of the Milky Way galaxy offer the opportunity of studying a sample of galactic stars at a well-defined distance from the sun and with relatively low interstellar absorption.
The mira variable content of the NGC 6522 and Sgr I Baade's Windows has been surveyed by Lloyd Evans (1976) . A recent census of miras in Sgr I, which includes the results of blue and near-infrared photographic surveys as well as long-period stars found during the IRAS mid-infrared survey, has been given by Glass et al (1995) . In the present work, the general population of M giants, including variables of lower amplitude than the miras, is studied in the NGC 6522 Window. A 'complete' sample of M stars from M1 to M8 in an annular field of 42 arcmin 2 area surrounding the NGC 6522 cluster was obtained by Blanco (1986) using a grism attached to the prime focus camera of the CTIO 4m telescope. It should be noted that the classification into M sub-types by Blanco (1986) is not quite on the MorganKeenan (MK) system, in that stars of M2 to M6 were stated to have been classified 1-2 subtypes too late by Terndrup, Frogel and Whitford (1990; see also below) . Spectroscopy of all Blanco's stars of subtype M6 or later was obtained by Sharples, Walker & Cropper (1990) , who tabulated their radial velocities and their TiO (8415) and CaII (8662) line strengths.
Unlike the solar neighbourhood and the Magellanic Clouds, the galactic centre fields do not contain late-type C-rich giants. The relatively small Blanco (1986) field also does not include any miras. Lloyd Evans ' (1976) figures for the surface density of miras suggest that only about one could have been expected.
The ISOGAL survey (Omont et al., 2002) at 7 and 15µm of sample fields along the Galactic Plane and within the Galactic Bulge included a 'fiducial' field around the globular cluster NGC 6522. Glass et al. (1999) showed that all stars later than M6 were detected, whereas M1 types were not seen at all. It was found that many AGB stars besides the mira variables possess excesses at 15µm, indicating that they are losing mass. Glass, Alves et al. (2000;  see also Alard et al., 2001) showed that nearly all the stars that were detected by ISO-GAL in the NGC 6522 and Sgr I Baade's windows could be identified with late-type variables in the MACHO database. They studied approximately 300 stars that were seen in both the MACHO v and r colours as well as in both the ISO-GAL bands at 7 and 15µm. Almost all the non-miras were found to be semi-regular variables, with mass-loss rates that ranged from undetectable to ∼ 5× 10 −7 M⊙yr −1 . Semiregular variables were seen to outnumber miras by at least 20:1 in these fields. They had periods ranging from 10-200 days and amplitudes which reached ∼0.3 mag at 100d period. A period of 70 days or more was found to be a necessary, though not a sufficient, condition for detectable mass-loss. Schultheis and Glass (2001) examined the same sample of stars in the near infrared period-magnitude, periodcolour and colour-magnitude diagrams derivable from the DENIS IJKS dedicated survey of the galactic bulge (Simon et al., 2002, in preparation) and the 2MASS JHKS survey. The Semi-regular variables inhabit the upper end of the J − KS, KS colour-magnitude diagram and their colours and magnitudes are seen to increase in a general way with period. The well-known separation between miras and latetype giants in the J − H, H − K diagram was shown to be primarily caused by the effect of water vapour absorption on the J − H colour index.
In this paper, we examine the complete Blanco (1986) sample of stars in the NGC 6522 field classified M1 or later for variability in the MACHO database to find the dependence of variability on spectral type. Because many of these stars fall within the area surveyed by ISOGAL they could also be examined for mass-loss. The previous work (Alard et al, 2001; Schultheis and Glass, 2001 ) dealt exclusively with stars detected in both MACHO (r and i) and both ISOGAL (7µm and 15µm) bands and was heavily weighted towards stars with mass-loss. There are only 23 stars in common. Blanco (1986) lists 174 stars of types M1-M8 near NGC 6522. Using his published finding chart, a Digitized Sky Survey FITS file of the area, containing World Coordinates, was used to extract positions for each object. The MACHO on-line database was then searched, over a small radius of a few arcsec surrounding each position, for red stars. The positions of the candidates, as given in the MACHO database, are included in Table 1 . An overlay was created to check the positions against the Blanco chart for errors.
EXTRACTION OF MACHO DATA

Positions
Variability
The r light curve and the Fourier spectrum of each object were plotted. Each light curve was examined by eye as well as by computer and generally any variability detected by machine could also be seen. The apparent 'noise' on the light curves was not constant, probably due to crowding, but it is believed that periodic or near-periodic variations of 0.03 mag or more peak-to-peak would all have been detected. Because of the seasonal nature of the data, the analysis may have been somewhat less reliable at longer periods (> 100d).
The Alard et al (2001) data cover six observing seasons, while the initial web-based set of data used here covers only five. The periods given by Alard et al (2001) represent the highest amplitudes seen in the summed Fourier spectra for each individual season (for log P < 2.2), whereas in this work the entire series of observations for each star was analysed at the same time. The photometry was plotted according to phase for the main period found and the average amplitude at that period was estimated by eye. It should be accurate to about 0.1 mag.
Generally, more attention has been paid to secondary periods and long-period components than in the Alard et al work. In some cases, the data were pre-whitened by removing the main component of variation in order to make the minor components more easily recognizable. This procedure is not very satisfactory when the amplitudes are not constant. The resultant periods and amplitudes are given in Table 1 .
Altogether 48 Blanco stars were found to be variable (see Table 2 ). The early (Blanco M1-M4) subtypes are only rarely seen to vary at the level we can detect whereas variability becomes ubiquitous for the later subtypes (M5-M8). Of the variables, 46 showed some degree of coherence throughtout the series of observations and can therefore be considered to be SRa type, as judged by eye from light curves phased according to the derived periods. Only two seemed to be completely lacking in long-term coherence for any period. The reality of the shortest period given in Table 1 , 11.4 days for Blanco 4, is somewhat doubtful, but other short periods around 15 days seem to be well-established.
Various previous studies have sought to determine the dependence of variability on spectral type. Jorissen et al (1997) suggested that variability at a low level is ubiquitous in late-K and early-M giants. Henry et al (2000) demonstrated short-term variability at about the 0.01-0.02 mag level in M0 giants. This level is probably not detectable in the MACHO data. Koen & Laney (2000) examined the Hipparcos data for nearby late-type stars in the solar neighbourhood and found evidence for variability, usually with amplitude < 0.1 mag, in many early-M type stars. However, Kerschbaum, Lebzelter & Lazaro (2001) have observed some of these from the ground and question whether the shortest periods seen (i.e. < 10d) might not be artefacts of the Hipparcos data.
Notes on individual stars
Most of the periods agree quite well with the Alard et al (2001) results. The differences that occur appear mainly to be due to the additional season of data in the latter and appear to reflect the irregularity of the variations that are being measured. The following are the most striking examples:
Blanco 3. This is a highly irregular star (see Fig 1) 
r amplitudes
The average r amplitudes of the variables increase with log P (fig. 2) . In this diagram, when stars have both short and long periods, the short periods follow the trend of the singlyperiodic variables.
CROSS-CORRELATION WITH DENIS
The DENIS database of IJKS magnitudes was searched for the 174 Blanco stars. A search radius of 3 ′′ was used (the astrometric precision of the DENIS positions is expected to be ∼ 1 ′′ ). Counterparts were not found for Blanco 2 (very close to Blanco 3 in position) and Blanco 121. The latter was classified M1 by Blanco (1986) . Figure 3 shows a plot of DENIS KS mag vs M subtype for the stars that were identified. The variables are also indicated. There is a steady increase in average KS flux, and therefore luminosity, with spectral sub-type in this sample, from the early to the later types. A few outlying stars may be in front of or behind the main Bulge population. The three brightest stars of type M6 and the brightest of type M6.5 have I ≤ 11.8, according to Sharples et al (1990) , which places them within a group having low velocity dispersion that lies in the foreground.
Stars of Blanco (1986) type M6 or later were all found to be variable, as were the most luminous of the M5 group. The earlier types were, with only a few exceptions, not seen to vary. Amongst the exceptions, Blanco 54 (classified M1), appears more luminous than others of the same spectral type in KS and also in Blanco's (1986) original list of V mags. Its light curve ( fig. 1 ) is suggestive of a later type than M1. Its DENIS (I − J, J − KS)0 colours of (1.23, 1.01) suggest M2-M3. It may a superimposition of an early and a late-type star.
Variability can be seen to be associated with both high luminosity and late spectral type. It is not clear which of these should be regarded as the most fundamental. The tip of the Red Giant Branch is usually considered to be K ∼ 8.2 (e.g., Tiede, Frogel & Terndrup, 1995; Omont et al, 1999) and it is clear that variability extends to fainter magnitudes than this. However, AGB stars also occur at these luminosities and cannot be distinguished from RGB stars.
The relation of DENIS I − J and J − KS colours to Blanco (1986) is noticeable in I −J colour towards later spectral types. The average de-reddened colours are tabulated in Table 3. A comparison can be made between the average DENIS colours for each Blanco spectral type and synthetic colours for stars with MK spectral types that have been measured spectrophotometrically by Lançon and Wood (2000) . Fig 5 shows the result. The two sets of stars for the most part occupy the same locus, but the Lançon and Wood colours are somewhat redder than the Blanco ones for earlier spectral sub-types. As mentioned, Terndrup et al (1990) stated that subtypes from M2 to M6 were classified 1-2 subtypes too late, but we now see that this problem extends from M1 to M6. Stars with the latest spectral subtypes of M7 and M8, although agreeing in I − J, do not have the same J − KS; this effect may be due to increased mass-loss from the Bulge stars when compared to the Solar neighbourhood.
Period-KS trend for NGC 6522 SRVs
The KS mag, log P diagram for the variables is shown in Fig  6. Several stars have two periods (or even more). In these cases, the longer periods are shown as filled circles. There is an obvious tendency of the KS mag to increase with period, if the single-period stars and the short periods of the double-period stars are considered.
Wood (2000) has found that the SRVs in the LMC fall on a number of parallel tracks in the KS, log P diagram (see fig. 6 ). Similar results have been reported by Cioni et al (2001) using DENIS and EROS results. Wood (2000) interprets his tracks in terms of pulsation modes, where the Mira sequence is the fundamental and the two sequences at shorter periods are overtones. Track D (see next section) is thought to be an effect arising from a close companion.
Because of the depth of the Bulge in the line of sight, any intrinsic tendency of its SRVs to lie along Wood's sequences may not be obvious. For example, the miras in the nearby Sgr I Baade's Window of the Bulge show a dispersion from the KS, log P relation of 0.35 mag, which is much greater than the 0.13 mag found for O-type miras in the Large Magellanic Cloud (Glass et al, 1995, Glass in preparation) . The increased scatter has been ascribed, at least in part, to the finite thickness of the Bulge.
The long periods
The longer periods of the doubly-periodic SRVs are close to Wood (2000) 's line D, which is followed by the longer periods of the similarly behaved AGB stars in the LMC. The nature of the variation giving rise to this line is not yet understood. . DENIS K S mag vs log P for the variable stars in the sample. Some stars have both a long and a short period and the longer periods are represented here by filled circles. The dashed line is the relation for Sgr I miras from Glass et al (1995) . Wood's (2000) lines A, B and D for SRVs in the LMC are also shown, adjusted for differences in reddening (∆K S = 0.13) and distance modulus (∆dm = 3.9). Wood's line C is similar to that for the Sgr I miras.
It cannot be a pulsational mode if the mira sequence is that of fundamental mode pulsators. Binarity may be involved as a mechanism because the periods appear to be stable and about appropriate to the orbit of a cool companion or giant planet in the outer part of the atmosphere of a late-type M giant. Some evidence for this possibility, based on radial velocity measurements, has been presented by Wood, Axelrod and Welch (2001) . Struck and Willson (2002) have discussed the wake dynamics that might be caused by a brown dwarf or planet orbiting within the extended atmosphere of a mira variable, but they do not predict the type of variation observed here. Figure 7 shows the interesting case of a star (Blanco 26 = BMB ⋆ 95) in which a long-timescale variation of about 344d period seems to commence suddenly. This phenomenon is not seen in other published light curves, in which the longperiod variability is always present. The first dip of Blanco 26, at ∼ (JD -2400000) + 49560, is merely a short event of a few days duration. This brief and steep-sided drop in brightness seems to be incompatible with a pulsational explanation for the light curve. It was possibly caused by a short-lived outburst of obscuring material. The following minimum, at 49900, again shows a sudden decline but is followed by a slow recovery. The minima at 50250 and 50600 are almost symmetrical and the last two observed show a shortening rise time. The periodic occurrence of the dips suggests that the obscuring material may be in orbit, shepherded by a compact star, or that its production may be stimulated at the periastron of a binary system, possibly a precessing one.
As is well known, a loosely-bound cloud of particles with significant velocity dispersion can be expected to spread with time along the orbit, and this may explain the evolution of the phase-dependence of the obscuration with time.
A short-period pulsation of about 27 days persists throughout the data and can be seen in each season's data when analysed separately.
The b − r colour of this star becomes redder when it is faint. This could be the result of increased circumstellar obscuring material which, if it resembles interstellar grains, is expected to have a greater effect at short wavelengths than at long ones. Similar behaviour is seen in the light curves of two other galactic double-period SRs, MACHO 113.18154.26 and 113.18285.65, illustrated in Alard et al (2001) . The r light curves of the double-period SRVs in the LMC (Wood et al., 1999) show that the long periods also persist throughout the interval over which the data are taken. The variations are, in general, not sinusoidal and can sometimes be sawtooth-shaped. The long-period minima can be short or long (up to ∼ 0.3 times the period). A comparison with their b light curves shows that they also have colours which are redder when faint.
ISOGAL 15µm photometry of the galactic stars mentioned above was obtained around JD 2450876. Two, Blanco 26 and MACHO 113.18154.26, do not show pronounced infrared excesses, whereas MACHO 113.18285.65 has [7] -[15] = 1.3. In other words, there is no clear association of the double-period phenomenon with high mass-loss. It is also possible that the obscuration could be due to a TiO cloud in orbit. This possibility should be easy to check by spectroscopy. The light minmima of RCB stars are believed to be caused by the expulsion and rapid condensation of carbon vapour.
BLANCO STARS AND ISOGAL
ISOGAL objects in the Blanco field
Glass et al (1999) found that nearly all the ISOGAL stars in the Blanco field correspond to late-type M giants. The boundaries of the ISOGAL survey fields are now more conservatively defined to avoid the unreliability associated with their jagged edges.
The Blanco star positions were cross-correlated visually with the latest version of the ISOGAL Catalogue, PSC1.0 (see Schuller et al, 2002) , using overlays. Somewhat more than half of the Blanco field overlaps the ISOGAL NGC 6522 field. About 70 Blanco objects lie outside. Thirty-seven Blanco stars (including no. 54) were detected by ISOGAL, almost all of them variables with sub-types of 5 or later (see Table 4 and Fig. 8 ). Five Blanco stars detected by ISOGAL were non-variables.
As expected, the reddest stars in KS - [15] and [7] -[15] are associated with the longest periods (log P > 1.8) and late spectral types (M5 and later). These objects have 15µm excesses almost certainly attributable to dust. However, there are also stars of late M types (M5, M6 and M6.5) which do not show 15µm excesses. The larger sample of stars considered by Alard et al (2001) shows the trend more clearly. It should be remembered that the ISOGAL and DENIS surveys were not simultaneous. However, because the am- plitudes of variation were small for the stars that we are considering, the KS - [7] colours can be of value.
Notes on non-variables and individual stars
The non-variables detected by ISOGAL were Blanco 22(4), 46 (4), 58(5), 86 (1) and 101 (4), where the spectral subtypes are given in brackets. The detection of early sub-types is not common. These particular stars are among the brightest members of their spectral sub-classes and close to or above the threshold level for detection by ISOGAL at 7 µm. They may be foreground objects or misclassified.
In addition to those discussed above, seven more Blanco stars not included in the PSC1.0 Catalogue were detected by ISOGAL. They are situated at the edge of the field where 
Non-Blanco ISOGAL stars
Forty-eight ISOGAL sources were within the annulus specified by Blanco and nine of these were not listed by Blanco. Of these nine, ISOGAL-PJ180340.6-300002 and ISOGAL-PJ180344.2-295845 are not detected at 7µm or at the DE-NIS wavelengths and are faint on the Blanco chart. They are also near the limit of detection at 15µm and may not be real.
The remaining seven (see Table 5 ) are bright on the Blanco chart. ISOGAL-PJ180329.6-300109 was detected at both ISOGAL wavelengths. Its MACHO light curve shows that it is a SRV with period 83d and amplitude 0.4 mag in r. Its DENIS colours suggest a spectral type around Blanco M5. ISOGAL-PJ180323.6-300159 is also a SRV, with P=34d and amplitude ∼0.05. In this case, the DENIS colours suggests a Blanco type about M2-3. Two other stars have infrared colours corresponding to early Blanco M-type. They are ISOGAL-PJ180326.8-300131 (noisy MACHO trace) and ISOGAL-PJ180328.7-300356, which do not show significant variability.
The other three objects were detected at 7 but not at 15µm. ISOGAL-PJ180328.8-300335, is a photometric standard star mentioned by Arp (1965) , with V =12.74, B − V =0.53.
A clear implication of the discovery of four new probable M stars in this field is that the Blanco (1986) survey is not quite complete. These stars are among the brightest at I in the field and may have been saturated on Blanco's grism plate. In some cases there may have been confusion due to crowding of images.
Variable Blanco star not detected in ISOGAL
Only one Blanco star that is variable and that falls within the ISOGAL area was not detected, viz. 83 (5). Blanco 83 has an unusually regular light curve with a 135.5d period, and may not be a typical SR variable. Its DENIS colours (I − J, J − KS)0 = (1.62, 1.15) are however compatible with its spectral type.
CONCLUSIONS
We have examined a 'complete' sample of 174 Blanco M giants in the Inner Bulge of the Galaxy for variability and infrared characteristics.
About 46 of the Blanco (1986) stars are semi-regular variables with amplitudes exceeding about 0.03 mag. Stars with spectral types of M6 or later are variable, together with many of type M5, especially the most luminous. More than one period is fairly common.
There is a continuous increase of average luminosity and of I − J and J − KS colours with M sub-class. A KS, log P trend is shown by SRVs if in each case the most important shorter period is used when a long period is present.
Thirty-seven Blanco stars out of a possible ∼101 were detected by ISO during the ISOCAM programme. It is clear that there is a high correlation between variability and detection but not whether this is due to luminosity or to temperature effects (late spectral type). NGC 6522 therefore contains very few semi-regular variable M-type giants that escaped detection in the work of Alard et al (2001) .
Four additional probable M stars detected by ISO, two of them semi-regular variables with late M-subtype colours, have been found in the Blanco (1986) field, which shows that his survey is not as complete as formerly believed.
Among those stars with both short and long periods, the long periods appear to fall close to the 'D' line in the KS, log P diagram, found by Wood (2000) for similar objects in the LMC. The unusual light curve for Blanco 26 suggests that pulsation cannot be responsible for the long period variability.
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